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Research  Objectives:  This  project  is  to  investigate  how  the  solar  wind/interplanetary  magnetic 
field  (IMF)  controls  the  equatorial  ionospheric  dynamics  during  intense  geomagnetic  storms. 


Summary  of  Progress: 


We  have  found  that  the  zonal  electric  field  in  the  dusk  equatorial  ionosphere  correlates  well 
with  the  variations  of  the  interplanetary  electric  field  dawn-dusk  component  (IEF  Ey)  for  up  to 
21  hours  during  intense  magnetic  storms.  The  eastward  penetration  electric  field  can 
continuously  exist  for  8  hours  during  steady  southward  interplanetary  magnetic  field  (IMF). 
The  vertical  component  of  the  ionospheric  electric  field  is  -5%  of  the  IEF  Ey,  and  the  zonal 
electric  field  is  -10%  of  the  IEF  Ey.  The  IMF  has  important  effects  on  the  plasma  horizontal 
drift.  The  ion  horizontal  drift  enhancement  is  westward  during  southward  IMF  and  eastward 
during  northward  IMF.  We  have  also  found  that  the  longitudinal  and  seasonal  variations  of  the 
plasma  density  and  drift  velocity  in  the  evening  equatorial  ionosphere  show  complex 
characteristics.  The  longitudinal  structure  of  the  ion  density  and  velocity  show  a  wave-4  pattern 
during  the  equinox  months,  a  wave-3  pattern  in  northern  summer,  and  a  wave-2  pattern  in 
northern  winter.  The  longitudinal  structure  becomes  significantly  different  from  the  wave-4 
pattern  in  the  longitude  regions  with  large  magnetic  declination.  Our  study  reveals  a  number  of 
new  characteristics  of  the  equatorial  plasma  horizontal  drift  in  the  east-west  direction. 

An  important  issue  in  low-latitude  ionospheric  space  weather  is  how  magnetic  storms  affect  the 
generation  of  equatorial  plasma  bubbles.  We  have  studied  the  measurements  of  the  ion  density 
and  velocity  in  the  evening  equatorial  ionosphere  by  the  Defense  Meteorological  Satellite 
Program  (DMSP)  satellites  during  22  intense  magnetic  storms.  The  DMSP  measurements  show 
that  deep  ion  density  depletions  (plasma  bubbles)  are  generated  after  the  interplanetary 
magnetic  field  (IMF)  turns  southward.  The  time  delay  between  the  IMF  southward  turning  and 
the  first  DMSP  detection  of  plasma  depletions  decreases  with  the  minimum  value  of  the  IMF 
Bz  ,  the  maximum  value  of  the  interplanetary  electric  field  (IEF)  Ey  ,  and  the  magnitude  of  the 
Dst  index.  The  results  of  this  study  provide  strong  evidence  that  penetration  electric  field 
associated  with  southward  IMF  during  the  main  phase  of  magnetic  storms  increases  the 
generation  of  equatorial  plasma  bubbles  in  the  evening  sector. 

An  unexpected  feature  revealed  by  the  measurements  of  the  C/NOFS  satellite  is  the  presence  of 
broad  plasma  depletions  (thousands  of  kilometers  in  longitude)  near  dawn  during  deep  solar 
minimum.  We  found  the  plasma  bubbles  observed  in  the  midnight-dawn  sector  originate  in  the 
evening  sector.  The  continuous  growth  of  the  plasma  bubbles  in  the  evening  sector  and  the 
slow  decay  after  midnight  determines  that  most  plasma  bubbles  become  fully  developed  and 
are  easily  detected  after  midnight.  The  plasma  flow  inside  the  plasma  bubbles  is  strongly 
upward  throughout  the  entire  nighttime.  We  have  proposed  a  new  causal  mechanism  for  the 
generation  of  wide  plasma  bubbles  and  broad  depletions.  A  series  of  plasma  bubbles  is 
generated  through  the  Rayleigh-Taylor  instability  process  over  a  large  longitudinal  range. 
These  plasma  bubbles  grow  and  merge  to  form  a  wide  bubble,  and  multiple  wide  bubbles  can 
further  merge  to  form  broad  plasma  depletions.  An  important  property  of  the  mechanism  is  that 
the  broad  plasma  depletions  result  from  merging  of  multiple  plasma  bubbles.  We  have  also 
reported  the  new  observations  of  zonal  drift  of  plasma  bubbles  and  proposed  a  mechanism  that 
determines  the  difference  between  the  bubble  zonal  drift  and  ambient  plasma  drift 
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